Abstract
Introduction
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The energy balance equation is widely applied to examine ground and canopy 11 surface temperatures in land surface models which are usually coupled in mesoscale and 12 climate models (e.g., Sellers et al., 1996; Chen and Dudhia, 2001 ; and Gao et al., 2004) . 13 The land surface energy balance equation includes the following major components of 14 the surface energy budget: net radiation Rn (in both the visible and infrared part of the 15 spectrum), sensible heat flux H (exchange of heat between the surface and the 16 atmosphere by conduction and convection), latent heat flux LE (evaporation of water 17 from the surface, where L is the latent heat of vaporization, and E is the vaporization), 18 and heating 0 G of materials on the surface (soil, plants, water, etc.) with a small fraction 19 converted to chemical energy when plants are present. i.e., 20 21 Unfortunately, from early measurements (Elagina et al., 1973 (Elagina et al., , 1978 , the First
LE H
G Rn + = − 0 .(1)
22
International Satellite Land Surface Climatology Project (ISLSCP) Field Experiment 23 (FIFE) (Kanemasu et al., 1992) , to the network of eddy covariance sites measuring 24 long-term carbon and energy fluxes (FLUXNET) (Wilson, et al., 2002 ) and a recent study examining the ability of state-of-the-art measurements to close the surface energy 17 balance for a flood-irrigated cotton field on uniform terrain. 
where 1 T is the mean soil surface temperature, A is the amplitude of the diurnal soil 13 surface temperature wave, and ω is the angular velocity of the Earth's rotation and 4 where λ is the thermal conductivity. Substituting Equation (4b) into Equation (5a)
where we define G in Equation (1)) is then calculated by
is the soil heat storage in the soil layer immediately above the heat 7 ingenious ways to estimate
3 Substituting Equations (5b) and (7) in Equation (6) yields
Comparison of Equation (8) 
, and thus Equations (4b) becomes
17 Equations (5b) becomes 1 and Equation (8) becomes Figure 1 shows the temporal variations in It is worthy to quantify the range of δ because it has a potential impact on surface 9 energy balance, which will be later discussed. Since Figure 3b , the green line is obtained by linear regression analysis. 16 We define the energy balance closure ratio ) /( ) ( 17 slope of the linear regression line which is forced to pass the origin of coordinates in 18 Figure 3b. When Equation (9.4') holds, the energy balance closure ratio ε is extremely 19 sensitive to the ratio of 4 A to 1 A as shown in Table 1 . Large values of 
Experimental Evaluation
22
To evaluate the theoretical analysis presented above, the data collected at the Amdo Table   1 1. Figure 5 Table 1 . Figure 5b is similar to Figure 3b . The data (dot) 6 collected before 14:30 when the Rn (or Tsfc ) were distributed above the regression line 7 and the others (circle)were distributed under the regression line. π . However, in our equation derivation, we 13 assumed that the surface boundary condition is sinusoidal as shown in Equation (3). 14 Actually, the diurnal variation of soil surface temperature does not strictly follow 15 symmetric sinusoids, e.g., Gao et al. (2007) . For instance, in both morning and afternoon, 16 the absolute values of soil surface temperature gradients in time are larger than that of the 17 ideal sinusoid given in Figure 1 . This should help alleviate the overestimation in surface 18 energy balance ratio ( ε ) in the morning, and the underestimation in surface energy 19 balance ratio (ε ) in the afternoon. Previous observations (e.g., Figure 6 in Oncley et al., surface temperature at the Amdo site as shown in Figure 4 , the fact that the phases Rn , 4 H , and LE are close to that of the soil surface temperature support our present 5 assumption and analysis. 6 The imbalance was prevalent not only on a half-hour basis, but also on a daily or an 7 annual basis (Wilson et al. 2002) . However, we used data from one sunny day (16 July, 8 1998) rather than data from several days or months data to validate our theoretical A., van Gorsel E., Grantz D., Feigenwinter C., Lehner I., Liebethal C., Liu H., 
